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Conversion  Factors, 

Non-SI  to  SI  Units  Of  Measurement 


Non-SI  units  of  measure  used  in  this  report  can  be  converted  to  SI 
units  as  follows: 


Multiply 

By 

To  Obtain 

acres 

4,046.873 

square  meters 

cubic  yards 

0.7645549 

cubic  meters 

feet 

0.3048 

meters 

inches 

2.54 

centimeters 

knots  (international) 

0.5244444 

meters  per  second 

miles  (US  statute) 

1.609347 

kilometers 

tons  (2,000  pounds,  mass) 

907.1847 

kilograms 
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Conversion  Factors 


1  Introduction 


Background 

Sediment  contamination  resulting  from  agricultural  and  industrial 
sources  exists  in  many  harbors,  ports,  and  navigable  streams.  While  only 
a  small  portion  of  the  sediment  dredged  by  the  US  Army  Corps  of  Engi¬ 
neers  (USACE)  for  navigation  projects  is  contaminated,  these  and  other 
contaminated  sediments  require  environmentally  sound  removal  tech¬ 
niques.  This  report  provides  a  synopsis  of  research  efforts  associated  with 
innovative  hydraulic,  pneumatic,  and  mechanical  technologies  for  dredg¬ 
ing  contaminated  sediments. 

The  affinity  of  most  contaminants  for  fine  sediment  particles  presents 
an  interesting  dichotomy.  This  affinity  causes  the  movement  of  fine 
particles  to  mirror  ihe  potential  for  contaminant  spread;  thus,  suspended 
sediment  ca  1  oe  i  vd  ^  a  convenient  tracer  for  contaminant  transport. 
Unfortunate1'',  'iie  aow  settling  velocities  of  fine  particles  increase  the 
likelihood  of  contaminant  transport  away  from  the  dredging  site.  There¬ 
fore,  minimizing  sediment  resuspension  is  an  important  aspect  of  dredging 
contaminated  sediments  and  should  be  considered  in  selecting  dredging 
methods  and  equipment. 

While  no  simple  criteria  exist  for  safe  levels  of  sediment  resuspension, 
less  sediment  resuspension  results  in  less  potential  for  contaminant  trans¬ 
port  and  subsequent  release  to  the  environment. 

Loosely  bound  contaminants  may  be  released  to  the  environment  as  a  re¬ 
sult  of  the  energy  induced  during  the  dredging  process.  This  energy  may 
strip  contaminants  bound  to  sediment  particles  and  cause  them  to  disperse 
into  the  water  column.  However,  most  contaminants  are  tightly  bound  and 
are  unlikely  to  be  stripped  from  the  sediment  part’cles.  The  potential  for 
such  releases  depends  upon  many  factors,  including  sediment  characteris¬ 
tics,  contaminants  present,  and  local  environmental  conditions. 

Based  upon  the  above  rationale,  this  report  focuses  on  sediment  resus¬ 
pension  potential  during  the  dredging  process.  Site  and  dredge  character¬ 
istics  for  resuspension  studies  at  various  locations  are  summarized  based 
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based  upon  available  information.  The  site-specific  nature  and  limited 
data  preclude  in-depth  comparisons  between  dredge  types  and  should 
temper  any  later  comparisons  based  upon  this  report.  However,  this 
report  should  give  the  reader  insight  into  available  innovative  dredging 
equipment  and  the  potential  for  sediment  resuspension  during  the  dredg¬ 
ing  process. 

Additionally,  other  factors  such  as  physical  characteristics  of  the  dredg¬ 
ing  area  (depth,  sediment  quantity,  access,  traffic,  etc.),  sediment  physical 
and  chemical  characteristics,  disposal  techniques,  equipment  availability, 
and  economics  should  be  considered  when  selecting  a  dredge  to  remove 
contaminated  sediments.  These  factors  often  dictate  the  dredge  types 
open  to  consideration. 

Previous  research  has  shown  the  importance  of  proper  dredge  operation 
in  minimizing  sediment  resuspension.  Selection  of  dredging  equipment  or 
development  of  a  dredging  plan  must  include  operational  considerations 
as  a  critical  component.  Since  such  operational  considerations  could 
potentially  inhibit  dredge  production,  encouraging  environmentally  sound 
practices  in  contracted  dredging  work  may  be  one  of  the  more  challenging 
aspects  of  dredging  contaminated  sediments. 

Another  topic  of  concern  is  the  importation  of  equipment  from  other 
countries.  The  Jones  Act  (46  CFR  292)  strictly  prohibits  the  importation 
of  foreign-built  ship  hulls  into  the  United  States.  While  it  was  established 
to  protect  the  US  shipbuilding  industry  from  foreign  shipbuilders,  the 
Jones  Act  has  also  restricted  the  importation  of  foreign  built  dredges.  Al¬ 
though  not  clear,  this  act  may  not  prevent  the  importation  of  dredgeheads 
(Mitre  Corporation  1983). 


Purpose  and  Scope 

This  report  synopsizes  hydraulic,  pneumatic,  and  mechanical  dredges 
and  innovative  modifications  to  their  dredgeheads.  It  also  examines  pre¬ 
viously  tested  dredging  equipment  designed  to  remove  fine-grained  sedi¬ 
ments  with  a  minimum  amount  of  sediment  resuspension.  Major  features 
of  equipment  innovations,  along  with  available  field  testing  information, 
are  discussed.  From  these  findings,  the  most  promising  innovations  and 
research  needs  are  identified. 

Since  this  report  focuses  on  the  dredging  operation,  only  dredge  sizes 
and  sediment  resuspension  quantities  are  reported.  Information  useful  in 
the  selection  of  a  dredge  based  on  the  disposal  method  can  be  found  in  the 
cited  references. 

It  is  worthy  to  note  that  some  references  used  in  preparing  this  report 
formed  a  relationship  between  turbidity  and  suspended  solids  and  refer  to 
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turbidity  in  parts  per  million  or  milligrams  per  liter.  This  provides  some 
confusion  in  the  data  since  turbidity  is  a  measure  of  light  scatter  or  pas¬ 
sage  and  cannot  have  concentration  units.  From  all  indications,  values 
reported  in  concentration  units  (ppm  or  mg/L)  are  either  measured  or  cal¬ 
culated  suspended  solids  values  errantly  referred  to  as  turbidity. 

Yagi,  Koiwa,  and  Miyazaki  (1976)  presented  a  correlation  between  tur¬ 
bidity  (in  ppm)  and  suspended  solids  (in  mg/L),  which  further  verifies  this 
reasoning.  Where  possible  and  applicable,  correlations  between  turbidity 
and  suspended  solids  are  presented.  Unfortunately,  many  reports  did  not 
contain  site-specific  correlations,  which  severely  limits  the  usefulness  of 
the  data. 

Additionally,  most  cited  references  did  not  specifically  state  whether 
the  reported  suspended  solids  values  included  background  concentrations. 
Suspended  solids  concentrations  reported  as  above  background  are  so 
noted. 
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2  Hydraulic  Dredging 
Equipment 


Dredges  that  move  sediment  via  hydraulic  means  routinely  operate  in  al¬ 
most  every  waterway  in  the  United  States  and  move  millions  of  cubic 
yards  of  sediment  each  year.  These  dredges  use  various  types  of 
dredgehead  and  pump  configurations  to  facilitate  the  initial  gathering  of 
bottom  sediment  and  to  move  sediments  in  a  slurry  form.  Commonly  used 
hydraulic  dredges  include  the  cutterhead,  dustpan,  bucket  wheel,  and  hop¬ 
per  dredges. 

Hydraulic  dredges  are  generally  efficient  sediment  movers  and 
resuspend  less  sediment  than  previously  thought  (McLellan  et  al.  1989). 
Thus,  they  provide  an  economical  means  for  removing  large  quantities  of 
contaminated  sediments.  Also,  further  reductions  in  sediment  resuspen¬ 
sion  potential  are  possible  with  proper  operational  controls  (Hayes, 
McLellan,  and  Truitt  1988).  Many  dredgehead  variations  exist,  some  of 
which  have  been  developed  specifically  to  reduce  resuspension  at  the 
point  of  dredging.  This  section  discusses  hydraulic  dredges,  operational 
considerations,  and  dredgehead  designs  that  may  reduce  sediment 
resuspension  during  dredging. 


Cutterhead  Dredges 

Conventional  cutterhead  dredges  (Figure  1)  are  the  most  common 
hydraulic  dredges  in  the  United  States.  The  combination  of  mechanical 
and  hydraulic  systems  makes  the  cutterhead  one  of  the  most  versatile  and 
efficient  dredging  systems.  Cutterhead  dredges  are  generally  classified  by 
the  size  of  their  discharge  pipe  diameter,  with  common  sizes  ranging  from 
6  to  36  in.1  and  an  equivalent  range  of  pump  sizes. 


A  table  of  factors  for  converting  non-SI  units  of  measurement  to  SI  units  is  presented 
on  page  xi. 
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The  cutterhead  uses  a  rotating  cutter  to  dislodge  sediment  and  guide  it 
into  a  suction  inlet  (Figure  2).  Once  the  material  enters  the  suction  inlet, 
it  is  pumped  through  a  pipeline  to  its  point  of  discharge  or  disposal. 


Figure  2.  Conventional  cutterhead  (modified  from  Huston  and  Huston  1976) 


The  amount  of  sediment  resuspended  by  cutterhead  dredges  depends 
upon  many  variables,  including  dredge  movement,  cutter  penetration,  and 
cutter  rotation  speed.  The  dynamics  of  cutter  rotation  have  led  to  a  gen¬ 
eral  perception  that  cutterhead  dredges  resuspend  large  quantities  of  sedi¬ 
ment  because  of  a  violent  mixing  action.  Recent  research,  however,  has 
proven  this  perception  to  be  largely  unfounded  (Hayes,  McLellan,  and 
Truitt  1988). 

Cutterhead  dredges  generally  resuspend  sediment  in  the  lower  portion 
of  the  water  column  and  in  the  immediate  vicinity  of  the  cutterhead.  With 
proper  operational  controls,  the  concentration  of  suspended  solids  around 
a  conventional  cutterhead  dredge  ranges  from  5  to  200  mg/L  (McLellan  et 
al.  1989). 

Modifications  to  conventional  cutterhead  dredges  that  may  help  reduce 
sediment  resuspension  include  the  following:  shielded  cutters,  alternate 
cutter  designs  (e.g.,  Clean-Up  and  Refresher),  cutterless  dredgcheads. 
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bottom  sensors,  gas  collection  systems,  and  underwater  cameras.  Innova¬ 
tive  designs  include  the  Clean-Up,  Matchbox,  Refresher,  and  modified 
dustpan  dredgeheads. 


Clean-Up  dredge 

The  Clean-Up  dredge  was  designed  by  TOA  Harbor  Works2  to  remove 
highly  contaminated  sediments  (Figure  3).  Six  Clean-Up  dredges 


Figure  3.  Clean-Up  dredgehead  (from  Sato  1982) 


(Nos.  1-5  and  Clean-Up  SIRSI)  currently  operate  in  Japan.  Clean-Up 
dredges  Nos.  1-5  are  equipped  with  centrifugal  pumps,  while  the  Clean- 
Up  SIRSI  is  equipped  with  a  300/60  Pneuma  pump  (Barnard  1978;  Sato 
1976,  1984).  (The  Pneuma  pump  is  discussed  in  more  detail  in 
Chapter  3.)  Features  of  the  Clean-Up  dredge  include: 

a.  Auger  cutter.  Rotates  perpendicular  to  the  suction  pipe  axis, 
functions  as  a  mixing  device  to  provide  a  slurry  of  uniform  density 


TOA  Kensetsu  Kogyo  Company,  Ltd.,  5  Yobancho,  Chiyoda-ku,  Tokyo,  Japan. 
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and  viscosity  to  the  pump,  and  provides  smooth  movement  of  the 
slurry  to  the  suction  mouth. 

b.  Rectangular  cover.  Located  over  the  cutter  with  movable  shutters, 
intercepts  the  release  of  resuspended  sediment,  and  prevents  the 
inflow  of  excess  water. 

c.  Sonar.  Monitors  the  elevation  in  front  and  back  of  the  dredgehead 
and  keeps  its  position  horizontal  regardless  of  depth. 

d.  Grates.  Prevent  large  objects  from  clogging  the  suction  intake. 

When  needed,  an  underwater  camera  and  gas  collection  system  can  be 
added  to  the  dredgehead.  Underwater  cameras  monitor  sediment  resuspen¬ 
sion,  and  gas  collection  systems  collect  sediment-entrained  gas  that  is  re¬ 
leased  during  movement  of  the  dredgehead  through  the  sediment. 

Sato  (1976)  summarized  the  work  of  Clean-Up  No.  2  operating  in  a  silty 
clay  sediment  at  an  unreported  water  depth.  Suspended  solids  concentra¬ 
tions  measured  during  this  test  are  reported  in  Table  1.  Background  sus¬ 
pended  solids  at  this  site  ranged  from  5  to  9  mg/L.  Sato  (1984)  reported 
that,  as  of  the  end  of  1981,  the  Clean-Up  dredge  had  been  used  at  45  sepa¬ 
rate  dredging  projects,  primarily  in  soft  mud  and  sand. 

Under  normal  bottom  conditions,  the  maximum  suspended  solids  con¬ 
centration  around  a  Clean-Up  dredge  ranges  from  6  to  8  mg/L;  however, 
the  suspended  solids  sometimes  increases  to  80  to  100  mg/L  during  start¬ 
ing  and  stopping  of  the  pump  or  changes  in  swing  directions  (Sato  1984). 


Matchbox  dredge 

Volker  Stevin  Dredging  Company  of  The  Netherlands  developed  the 
Matchbox  dredge  (Figure  4)  to  remove  highly  contaminated  sediments  in 
the  First  Petroleum  Harbor,  The  Netherlands. 

Features  of  the  Matchbox  dredge  include: 

a.  Triangular  cover.  Contains  sediment-entrained  gas  and  prevents 
the  inflow  of  excess  water  into  the  suction  system. 

b.  Funnel  intakes.  Side  openings  that  guide  sediment  toward  the 
suction  intake  as  the  dredge  swings.  Valves  to  open  and  close  the 
side  opening  opposite  the  direction  of  swing  help  avoid  the  inflow 
of  excess  water. 

c.  Angle  control.  Hydraulic  pistons  adjust  the  angle  between  the 
dredgehead  and  ladder  to  ensure  that  the  dredgehead  remains 
parallel  to  the  bottom  regardless  of  dredging  depth. 
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Figure  4.  Matchbox  dredgehead 


d.  Vertical  positioning.  Indicates  the  depth  of  the  dredgehead  relative 
to  the  bottom. 

e.  Grates.  Prevent  large  objects  from  clogging  the  suction  intake. 

Sediment  resuspension  associated  with  the  Matchbox  dredge  has  been 
monitored  for  the  First  Petroleum  Harbor  and  for  Calumet  and  New  Bed¬ 
ford  Harbors  in  the  United  States.  Brief  descriptions  of  these  field  tests 
and  the  performance  of  the  Matchbox  dredgehead  follow. 

First  Petroleum  Harbor.  Between  December  1981  and  December  1983, 
contaminated  sediments  were  removed  from  the  First  Petroleum  Harbor 
on  the  River  Nieuwe  Maas,  The  Netherlands,  using  a  Matchbox  dredge. 
Sediment  in  the  harbor  was  a  heavily  polluted  silt  that  contained  high  con¬ 
centrations  of  pesticides  and  chlorinated  hydrocarbons.  Water  depths  in 
this  area  ranged  from  5  to  1 2  m.  The  traditional  cutterhead  was  replaced 
with  a  Matchbox  dredgehead  on  the  650-mm  hydraulic  dredge  Otter, 
owned  by  Volker  Stevin  Dredging  Company  (d’Angremond,  de  Jong,  and 
de  Waard  1984). 

The  suspended  solids  concentrations  around  the  dredgehead  and  the 
background  concentrations  were  estimated  from  graphs  provided  by 
d’Angremond,  de  Jong,  and  de  Waard  (1984).  Suspended  solids  at  a 
distance  of  2  to  5  m  from  the  suction  head  during  dredging  were 
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approximately  12  mg/L  from  the  water  surface  to  a  depth  of  7  m,  and 
varied  almost  linearly  from  12  to  80  mg/L  from  a  depth  of  7  to  1 1  m. 
Background  suspended  solids  near  the  dredge  were  less  than  25  mg/L 
from  the  water  surface  to  a  depth  of  approximately  9  m,  and  varied  almost 
linearly  from  25  to  60  mg/L  from  a  depth  of  9  to  12.5  m. 

Calumet  Harbor.  In  October  1985,  the  US  Army  Engineer  Waterways 
Experiment  Station  (WES)  and  the  US  Army  Engineer  District  (USAED), 
Chicago,  monitored  the  sediment  resuspension  characteristics  of  the  12-in. 
cutterhead  dredge  Dubuque  of  the  USAED,  St.  Paul,  fitted  with  a 
Matchbox  dredgehead.  The  Matchbox  dredgehead  was  designed  for  the 
Dubuque  by  Volker  Stevin  Dredging  Company,  The  Netherlands,  and  by 
Bean  Dredging  Company  of  New  Orleans,  LA,  and  was  purchased  by  the 
USAED,  Chicago.  The  Matchbox  dredgehead  was  equipped  with  the 
design  features  described  previously,  with  the  exception  of  vertical 
positioning  instrumentation. 

The  sediment  resuspension  tests  were  conducted  in  Calumet  Harbor,  Il¬ 
linois,  located  south  of  Chicago,  on  the  western  shore  of  Lake  Michigan. 
The  sediment  dredged  was  a  silty  loam  with  a  Unified  Soil  Classification 
System  (USCS)  classification  of  ML.  The  initial  water  depth  at  this  site 
was  approximately  8  m  (McLellan,  Truitt,  and  Palermo  1986;  Hayes,  Mc- 
Lellan,  and  Truitt  1988;  McLellan  et  al.  1989). 

Average  suspended  solids  concentrations  at  the  dredgehead  and  at  loca¬ 
tions  of  15,  31,  61,  122,  and  244  m  from  the  dredgehead  are  reported  in 
Table  2.  While  clogging  of  the  suction  intake  and  inexperience  of  the 
operator  may  have  affected  the  Matchbox  performance,  no  suspended 
solids  plume  at  two  times  background  was  noted  for  the  Matchbox  dredge 
at  5-,  50-,  and  80-percent  depths;  however,  there  was  a  plume  of  10.5 
acres  at  95-percent  depth.  Background  suspended  solids  ranged  from  2  to 
5  mg/L  and  averaged  4  mg/L. 


Table  2 

Calumet  Harbor  Matchbox  Dredge  Field  Test  (Hayes  1986) 

Percent 

Depth 

Average  Suspended  Solids  (mg/L) 

At 

Matchbox 

15  m  from 
Matchbox 

31  m  from 
Matchbox 

61  m  from 
Matchbox 

122  m 
from 

Matchbox 

244  m 
from 

Matchbox 

5 

— 

3 

2 

3 

3 

3 

50 

— 

4 

4 

4 

4 

3 

80 

19’ 

8 

5 

12 

8 

10 

95 

— 

12 

13 

31 

8 

9 

_ 1 

'  Above  background. 
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Additional  details  of  sediment  resuspension  associated  with  the 
Matchbox  and  cutterhead  dredgeheads  tested  in  Calumet  Harbor  are  avail¬ 
able  in  Hayes,  McLellan,  and  Truitt  (1988). 

New  Bedford  Harbor.  From  November  1988  to  February  1989,  the 
WES,  the  US  Army  Engineer  Division,  New  England,  and  the  US  Environ¬ 
mental  Protection  Agency  (USEPA)  conducted  a  pilot  study  in  New  Bed¬ 
ford  Harbor,  Massachusetts,  to  test  the  effectiveness  of  the  Matchbox 
dredgehead.  New  Bedford  Harbor  is  an  estuary  of  the  Acushnet  River  that 
separates  the  cities  of  New  Bedford  and  Fairhaven,  MA.  Sediment  at  the 
New  Bedford  Harbor  site  consisted  of  organic  silts  and  clays  con¬ 
taminated  with  polychlorinated  biphenyls  (PCBs)  and  heavy  metals. 

Water  depths  ranged  from  0.3  to  1.8  m. 

Bean  Dredging  designed,  built,  and  installed  the  Matchbox  dredgehead 
on  one  of  their  12-in.  cutterless  dredges.  Water  jets  were  designed  to  un¬ 
clog  the  Matchbox’s  suction  intake;  however,  these  were  not  used  since 
they  could  increase  suspended  sediment  in  the  water  column  (Otis  1990; 
Otis,  Andon,  and  Bellmer  1990). 

Resuspension  rates  and  contaminant  release  at  the  point  of  dredging 
varied,  but  suspended  sediment  and  contaminant  concentrations  generally 
returned  to  background  levels  within  150  m.  The  Matchbox  dredge  had  an 
average  resuspension  rate  of  46  g/sec  at  the  dredgehead.  Suspended 
solids  concentrations  at  approximately  60,  120,  and  180  m  downstream  of 
the  dredge,  at  ebb  tide,  are  reported  in  Table  3. 


Table  3 

New  Bedford  Matchbox  Dredge  Field  Test  (Otis,  Andon,  and 
Bellmer  1990) 

Day 

Average  Daily  Suspended  Solids  at  Middepth  (mg/L) 

At  Dredgehead 

60  m 

Downstream  of 
Dredging  Area 

120  m 

Downstream  of 
Dredging  Area 

180  m 

Downstream 
of  Dredging 

Area 

1 

79 

8 

16 

10 

2 

73 

30 

13 

— 

3 

609 

— 

— 

— 

4 

276 

— 

— 

— 

5 

342 

— 

— 

— 

6 

262 

— 

— 

— 

7 

305 

— 

— 

— 

Note:  Distances  are  approximate. 

The  Matchbox  dredgehead  experienced  significant  clogging  problems 
due  to  debris  within  the  bay.  Additional  details  of  sediment  resuspension 
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associated  with  the  Matchbox  and  a  cutterhead  and  horizontal  auger 
dredge  tested  at  New  Bedford  Harbor  are  available  in  Otis,  Andon,  and 
Bellmer  (1990). 


Refresher  dredge 

Penta  Ocean  Construction  Company,  Ltd.,  of  Japan  developed  the 
Refresher  dredge  (Figure  5).  Dredges  of  this  design  currently  in  operation 
in  Japan  include  the  Refresher  No.  6  (Fuyo),  the  Refresher  No.  3,  and  the 
Mini-Refresher  (Tokyo  Maru).  The  Fuyo  and  Refresher  No.  3  are  suitable 
for  large-  to  medium-scale  dredging  projects,  and  the  Tokyo  Maru  is  a 
portable  dredge  suitable  for  small-scale  projects  in  narrow  areas  (Kaneko 
and  Watari  1983;  Kaneko,  Watari,  and  Aritomi  1984).  Major  features  of 
the  Refresher  dredge  include: 

a.  Helical  cutter.  Cuts  and  guides  material  into  the  suction  intake. 

b.  Cover.  Conceals  the  cutterhead  and  prevents  the  loss  of  sediment. 
An  adjustable  hydraulic  shutter  opens  or  shuts  the  cover  as  the 
dredge  swings. 

c.  Positioning  equipment.  Horizontal  and  vertical  positioning 
equipment  keeps  the  cutterhead  parallel  to  the  bottom  with  varying 
dredging  depths. 

d.  Check  valves.  Located  at  the  suction  and  discharge  side  of  the  pump 
to  prevent  the  backflow  of  the  sediment  into  the  discharge  pipes 
during  an  emergency. 

An  underwater  camera,  turbidimeter,  and  gas  collection  system  can  be 
added  to  the  dredgehead  when  needed.  Underwater  cameras  and  turbidi¬ 
meters  monitor  sediment  resuspension,  and  gas  collection  systems  collect 
sediment-entrained  gas  released  during  movement  of  the  dredgehead 
through  the  sediment. 

Sediment  resuspension  associated  with  the  Refresher  dredge  has  been 
monitored  at  T-  and  M-Bays  in  Japan.  Descriptions  of  these  field  tests 
and  the  performance  of  the  Refresher’s  dredgehead  are  given  below. 

T-Bay.  Between  December  1976  and  March  1977,  material  was 
removed  from  T-Bay,  Japan,  by  the  Refresher  No.  6  (Fuyo).  The  material 
dredged  was  primarily  silt,  in  water  depths  ranging  from  7  to  9  ft 
(Kaneko,  Watari,  and  Aritomi  1984). 

Kaneko,  Watari,  and  Aritomi  (1984)  reported  the  suspended  solid  con¬ 
centrations  at  this  site  to  be  about  1 .5  times  the  turbidity  measurement. 
Calculated  suspended  solids  concentrations  at  the  dredgehead  associated 
with  swing  speeds  of  5  and  10  m/min  are  provided  in  Table  4.  Back¬ 
ground  suspended  solids  varied  from  approximately  1  to  6  mg/L. 
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a.  FRONT  VIEW 


b  SIDE  VIEW 


Figure  5.  Refresher  dredgehead  (from  Raymond  1984) 
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Table  4 

T-Bay  Refresher  Dredge  Field  Test  (Kaneko,  Watari, 
and  Aritomi  1984) 

Swing  Speed  (m/min) 

Suspended  Solids  (mg/L) 

Turbid  Area  (sq  m) 

5 

4.5 

14 

10 

23.3 

17.5 

Suspended  solids  within  50  i '  of  the  dredge  were  estimated  from  graphs 
provided  by  Kaneko,  Watari,  and  Aritomi  1984).  Suspended  solids  varied 
from  approximately  3  to  5  mg/L  at  depths  of  0.5  and  2.0  m,  and  from  ap¬ 
proximately  5  to  6  mg/L  at  5.0  m. 

M-Bay.  During  1980  and  1981,  Refresher  No.  3  removed  material  from 
M-Bay,  Japan.  The  sediment  was  a  mix  of  silt,  clay,  and  colloidal 
material  in  water  depths  ranging  from  14  to  15  m.  Kaneko,  Watari,  and 
Aritomi  (1984)  reported  a  suspended  solids  (SS)-turbidity  relationship  of 

SS  =  1.17  x  NTU  +  3.5 

where  the  SS  concentration  is  expressed  in  milligrams  per  liter  and  tur¬ 
bidity  is  measured  as  nephelometric  turbidity  units  (NTUs). 

Calculated  SS  concentrations  at  the  dredgehead  associated  with  swing 
speeds  of  4  and  8  m/min  are  provided  in  Table  5.  Background  SS  con¬ 
centrations  ranged  from  approximately  6  to  9  mg/L. 


Table  5 

M-Bay  Refresher  Dredge  Field  Test  (Kaneko,  Watari, 
and  Aritomi  1984) 

Swing  Speed  (m/mln) 

Suspended  Solids  (mg/L) 

Turbid  Area  (sq  m) 

4 

4.2 

14 

8 

19.1 

24.5 

Suspended  solids  within  50  m  of  the  dredge  were  estimated  from  graphs 
provided  by  Kaneko,  Watari,  and  Aritomi  (1984).  Suspended  solids  at  1 
and  7  m  from  the  water  surface  and  1  m  above  the  bottom  were  less  than 
background. 


Modified  dustpan  dredge 

The  US  Army  Corps  of  Engineers  developed  the  dustpan  dredge  to 
remove  free-flowing  granular  sediment  from  the  Mississippi  River.  The 
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dustpan  dredge  uses  a  dustpan-shaped  dredgehead,  with  the  aid  of  water 
jets  to  dislodge  sediment  from  the  channel  bottom  and  to  guide  sediment 
into  the  suction  inlet.  Collected  sediments  are  moved  via  centrifugal 
pumps. 

Although  the  standard  dustpan  is  not  an  innovative  dredgehead,  a  modi¬ 
fied  dustpan  dredgehead  was  tested  in  the  James  River,  Virginia,  (Figure 
6)  for  removing  contaminated  fine-grained  sediments.  These  tests  were 
conducted  by  WES  and  the  USAED,  Norfolk,  in  1982  (USAED,  Norfolk 
1982). 


Figure  6.  Modified  dustpan  dredgehead  (from  Hudson  and  Vann  1984) 


Major  design  modifications  included  the  following: 

a.  Curved  plate.  Mounted  above  the  head  opening  much  like  a 

bulldozer  blade,  this  plate  improves  the  hydraulic  condition  of  entry 
by  creating  a  head  of  material  over  it  and  accelerating  the  material 
to  entry  velocity. 
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b.  Winglets  or  splitters.  Added  to  either  end  and  center  of  the  head  to 
improve  the  containment  of  the  sediment,  stabilize  the  dustpan  head, 
prevent  spillage  from  the  sides  of  the  head,  seal  the  head,  and 
improve  the  suction  conditions  at  the  entry. 

c.  Trailing  plate.  Hinged  below  the  head  to  act  as  a  sealing  strip, 
reducing  material  loss  beneath  the  head  and  increasing  suction 
efficiency. 

The  traditional  cutterhead  was  replaced  with  a  modified  dustpan  on  the 
18-in.  hydraulic  dredge  Essex,  owned  by  the  Norfolk  Dredging  Company. 
The  sediment  at  the  dredge  sites  was  a  silty  clay  with  a  USCS  classifica¬ 
tion  of  CH.  Water  depths  in  the  area  were  approximately  7  m.  Suspended 
solids  concentrations  around  the  dredgehead  are  reported  in  Table  6.  The 
maximum  average  concentrations  produced  by  the  modified  dustpan 
dredge  over  a  tidal  cycle,  approximately  60  m  downstream  of  the  dredge, 
ranged  from  100  mg/L  near  middepth  to  300  mg/L  near  the  bottom.  Back¬ 
ground  concentrations  at  this  site  ranged  from  53  mg/L  near  the  surface  to 
90  mg/L  near  the  bottom. 


Table  6 

James  River  Modified  Dustpan  Dredge  Field  Test 


Day 

Number  of 
Samples 

Suspended  Solids  at  Dredgehead  (mg/L) 

Maximum 

.  . 

Minimum 

Average 

1 

20 

147 

0 

67 

2 

27 

‘ 

302 

6 

101 

3 

20 

130 

0 

42 

4 

28 

122 

0 

35 

The  modified  dustpan  dredgehead  experienced  repeated  clogging  and 
still  produced  a  small  sediment  plume  (Hudson  and  Vann  1984,  Hayes 
1986,  McLellan  et  al.  1989).  Sediment  resuspensior.  data  associated  with 
a  cutterhead  dredge  operated  during  this  test  can  be  found  in  these 
references. 


Disc-Bottom  Dredges 

Delft  University  in  The  Netherlands  designed  the  disc-bottom 
dredgehead  in  the  1970s.  It  consists  of  a  flat-bottom  plate  and  top  ring, 
with  vertically  placed  cutting  blades,  rotating  around  a  vertical  axis  with  a 
suction  mouth  located  inside  the  cutter  ( v'an  Raalte  and  Zwartbol  1986). 
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Specific  data  or  information  on  the  sediment  resuspension  characteristics 
of  the  disc-bottom  dredgehead  was  not  found  in  current  literature. 


Bucket  Wheel  Dredges 

Researchers  in  the  United  States  and  The  Netherlands  designed  the 
bucket  wheel  dredgehead.  It  is  a  combination  of  the  positive  aspects  of 
the  bucket-line  and  conventional  cutterhead  dredges.  The  bucket  wheel 
consists  of  numerous  overlapping  bottom  and  backless  buckets  with  a  suc¬ 
tion  intake  in  the  inner  circumference  of  the  wheel  (Barnard  1978,  Mitre 
Corporation  1983,  Sorensen  1984). 

The  Japanese  have  developed  a  soft-sludge  dredgehead  that  consists  of 
a  bucket-wheel  cutter  rotating  perpendicular  to  the  ladder  with  a 
pneumatic  suction  system,  a  shielded  bucket  wheel,  and  an  underwater 
camera  (Hamasuna  1990).  The  operation  principle  of  these  dredgeheads 
suggests  that  they  may  be  effective  at  minimizing  sediment  resuspension. 
Specific  data  or  information  on  sediment  resuspension  characteristics  of 
the  bucket-wheel  dredgehead  was  not  found  in  the  current  literature. 


Cutter-Suction  Dredges 

Another  conventional  cutterhead  innovation  is  the  cutter-suction  com¬ 
bination  (Huston  and  Huston  1976,  Barnard  1978).  The  cutter-suction 
combination  uses  the  suction  pipe  as  both  the  suction  and  the  drive  shaft 
of  the  cutter.  This  combination  reduces  the  cutter  size  which,  in  turn, 
decreases  the  required  torque  to  generate  the  necessary  force  on  the  cutter 
blades.  The  suction  intake  is  located  in  the  center  of  the  cutter,  allowing 
the  suction  to  draw  material  more  evenly  from  all  directions,  and  enables 
the  mouth  of  the  suction  to  be  a  more  hydraulically  efficient  bell  shape. 
This  location  extends  the  suction  farther  into  the  cutter,  decreasing  the  dis¬ 
tance  between  the  channel  bottom  and  the  intake.  It  is  anticipated  that 
these  features  may  aid  in  the  reduction  of  sediment  resuspension.  Al¬ 
though  this  design  seems  promising,  it  has  received  little  attention. 


Portable  Hydraulic  Dredges 

In  this  context,  portable  dredges  are  those  normally  transported  over¬ 
land.  Besides  being  convenient  for  isolated,  hard-to-reach  areas  and 
economical  for  small  dredging  jobs,  these  small  cutterhead  dredges  have 
been  advertised  as  operating  with  limited  sediment  resuspension.  How¬ 
ever,  limited  data  are  available  to  verify  these  claims. 
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The  Delta  and  horizontal  auger  dredges,  developed  in  the  United  States, 
are  two  such  portable  dredges.  The  Delta  dredge  consists  of  a  submerged 
pump  located  above  two  counter-rotating,  reversible  cutters  and  mounted 
on  a  pontoon  hull.  The  horizontal  auger  dredge  uses  a  shielded  auger  cut- 
terhead  to  cut  material  and  move  it  laterally  toward  the  center  of  the 
auger,  or  the  suction  intake  (Barnard  1978,  Mitre  Corporation  1983). 

Tests  in  New  Bedford  Harbor  compared  the  horizontal  auger  dredge 
with  cutterhead  and  Matchbox  dredges  (Otis,  Andon,  and  Bellmer  1990). 
Suspended  solids  concentrations  at  approximately  60,  120,  and  150  m 
downstream  of  the  dredge,  at  ebb  tide,  are  reported  in  Table  7. 


Table  7 

New  Bedford  Horizontal  Auger  Dredge  Field  Test 
(Otis,  Andon,  and  Bellmer  1990) 

Day 

Average  Dally  Suspended  Solids  at  Middepth  (mg/L) 

At  Dredgehead 

60  m 

Downstream  of 
Dredging  Area 

120  m 

Downstream  of 
Dredging  Area 

150  m 

Downstream  of 
Dredging  Area 

1 

2,226 

12 

9 

8 

2 

985 

10 

10 

3 

3 

2,160 

20 

10 

10 

4 

1,259 

_ 

_ 

_ 

Note:  Distances  are  approximate. 

The  horizontal  auger  dredge  experienced  problems  with  positioning, 
anchoring,  and  effectiveness  of  the  mudshield.  Sediment  resuspension  at 
the  dredgehead  was  substantially  higher  than  for  either  the  cutterhead  or 
Matchbox  dredge. 


Hopper  Dredges 

The  hopper  dredge  is  a  self-contained  seagoing  ship  used  mainly  for 
maintenance  dredging  in  bar  areas  and  shipping  channels  (Figure  7).  Hop¬ 
per  dredges  are  commonly  classified  according  to  their  hopper  capacity. 
Large-class  hopper  dredges  have  hopper  capacities  of  6,000  cu  yd  or 
greater;  medium-class  hopper  dredges  have  hopper  capacities  ranging 
from  2,000  to  6,000  cu  yd;  and  small-class  hopper  dredges  have  hopper 
capacities  of  500  to  2,000  cu  yd  (US  Army  Corps  of  Engineers  1983). 
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The  hopper  dredge  uses  a  draghead  to  remove  sediment  from  the  bottom 
of  the  channel.  The  sediment  is  loosened  by  the  erosive  and/or  mechani¬ 
cal  forces  of  the  draghead,  taken  into  the  suction  intake,  and  pumped  into 
hoppers  located  onboard  the  dredge.  Once  filled,  the  dredge  transports  its 
load  to  the  disposal  site. 

One  or  two  dragarms  can  be  mounted  to  the  side  or  center  line  of  the 
ship.  Suspended  solids  around  a  nonoverflowing  hopper  dredge  can  range 
from  12  to  54  mg/L  in  the  area  of  influence.  Most  of  the  sediment  lesus- 
pension  occurs  in  the  lower  water  column  near  the  cutting  action 
(McLellan  et  al.  1989). 

Overflowing  dredge  hoppers  is  common  practice  in  many  areas  of  the 
United  States.  Palermo  and  Randall  (1990)  explain  the  practices  and  prob¬ 
lems  associated  with  overflowing  dredge  hoppers.  Overflowing  dredge 
hoppers  introduces  an  additional  source  of  sediment  to  the  water  column; 
therefore,  hopper  overflow  should  not  be  allowed  when  dredging  contami¬ 
nated  sediment.  McLellan  et  al.  (1989)  and  Hayes  (1986)  reported  results 
of  sediment  resuspension  associated  with  overflowing  and  nonoverflow¬ 
ing  hopper  dredges. 

Historically,  most  dragheads  dredge  sand  particles  using  erosive  pro¬ 
cesses.  Recently,  dragheads  have  been  designed  to  dredge  fine-grained 
sediments  using  both  erosive  and  mechanical  action.  An  effectively  de¬ 
signed  silt  draghead  will  dredge  fine-grained  sediment  at  higher  densities 
than  conventional  dragheads,  thereby  reducing  the  amount  of  water  in  the 
hoppers.  The  front-open  and  IHC  Roller  Silt  dragheads  are  two  types  of 
erosive/mechanical  dragheads  (Van  Dooremalen  et  al.  1983). 
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Front-open  draghead 

The  Japanese  Port  Construction  Bureau  developed  the  front-open 
draghead  (Figure  8)  (Irie  1984).  Major  features  of  the  draghead  include 
the  following: 

a.  Mixing  blades.  Provide  a  uniform  mixture  to  the  suction  system. 

b.  Stabilizers.  Extend  the  capability  of  the  swell  compensators  to 
follow  the  sea  bottom  in  soft  mud. 

c.  Angle  control.  Allows  the  bent  part  of  the  draghead  to  move. 

d.  Grates.  Prevent  large  objects  from  clogging  the  suction  intake. 

e.  Density  detectors.  Four  sets  measure  the  density  of  the  dredged 
material  and  detect  the  mud  layer. 

/.  Water  jets.  Aid  in  the  removal  of  dense  sediment;  however,  these 
should  not  be  used  when  removing  contaminated  sediment. 


Figure  8.  Front-open  draghead  (from  Irie  1984) 
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Sediment  resuspension  associated  with  the  front-open  draghead  has 
been  monitored  at  Chiba,  Nagoya,  Mikawa,  and  Kinuura  Ports  in  Japan. 
Descriptions  of  these  field  tests  and  the  performance  of  the  front-open 
draghead  follow. 

Chiba  Port.  In  1979,  the  trailing  hopper  dredge  Tokushun  Maru  No.  I, 
with  a  hopper  capacity  of  4,091  cu  m,  tested  the  front-open  draghead  in 
Chiba  Port.  The  draghead  was  designed  specifically  for  the  Tokushun 
Maru  No.  1,  based  on  the  vessel’s  operating  velocity  and  the  capacity  of 
the  suction  system.  This  draghead  was  an  early  version  of  the  front-open 
draghead  and  did  not  include  angle  control  or  water  jets.  The  sediment  at 
the  site  was  a  clayey  silt,  and  the  average  water  depth  was  13  m. 
Suspended  solids  concentrations  at  the  middle  of  the  dragarm  were 
15  mg/L  or  less,  and  most  of  the  concentrations  at  the  draghead  were 
10  mg/L  or  less.  Draghead  concentrations  greater  than  30  mg/L, 
measured  during  each  of  the  47  test  runs,  are  provided  in  Table  8  (Irie 
1984).  These  high  concentrations  normally  occurred  while  raising  the 
draghead  off  the  bottom  or  moving  the  draghead  through  the  sediment  at  a 
high  velocity. 


Table  8 

Chiba  Port  Front-Open  Draghead  Field  Test  (Irie  1984) 

Test  Number 

Suspended  Solids  at  Draghead  Greater  Than 

30  mg/L  (In  mg/L) 

T  5-4 

130 

T  6-2 

600 

T  6-3 

2,500 

T  6—4 

8,400 

4,600 

T  9-2 

6,300 

320 

T  9—4 

300 

T  12-4 

40-60 

3,400 

T  13-2 

1,300 

Nagoya  Port.  In  1980,  the  trailing  hopper  suction  dredge  Seiryu  Maru, 
with  a  hopper  capacity  of  1,754  cu  m,  tested  the  front-open  draghead  in 
Nagoya  Port.  The  draghead  used  in  this  test  was  similar  to  the  one  used  in 
Chiba  Port. 

The  sediment  at  the  site  was  a  clayey  silt,  and  the  depth  of  the  seabed 
was  uneven  with  depths  ranging  from  8  to  10  m.  The  uneven  seabed  made 
positioning  of  the  draghead  difficult.  Suspended  solids  were  measured  at 
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the  draghead  and  on  the  dragarm  during  32  test  runs.  Suspended  solids 
readings  during  this  test  were  reportedly  high.  A  graph  of  suspended 
solids  versus  depth  of  dredging  indicated  that  numerous  readings  between 
500  and  2,000  mg/L  were  measured  (Irie  1984). 

Mikawa  Port.  In  1981,  the  Seiryu  Maru  tested  a  modified  front-open 
draghead  in  Mikawa  Port,  Japan.  Modifications  to  the  draghead  included 
a  larger  stabilizer,  dredging  angle  controller,  and  water  jets.  The  sediment 
at  this  site  was  a  clayey  silt  with  water  depths  ranging  from  12  to  14  m. 

Suspended  solids  were  measured  at  the  draghead  and  on  the  dragarm 
during  28  test  runs.  Although  background  suspended  solids  readings  were 
not  reported,  suspended  solids  concentrations  around  the  draghead  were 
reported  to  be  10  times  background  during  stable  dredging.  Concentra¬ 
tions  of  5,000  mg/L  were  measured  when  the  buried  draghead  was  lifted 
out  of  the  sediment  (Irie  1984). 

Kinuura  Port.  A  field  test  was  conducted  in  1981  in  Kinuura  Port  using 
a  front-open  draghead  mounted  on  the  Seiryu  Maru  hopper  dredge.  Sedi¬ 
ment  resuspension  associated  with  the  front-open  draghead,  with  and  with¬ 
out  stabilizers,  was  measured.  In  addition,  tests  were  conducted  on  the 
effectiveness  of  the  draghead’s  stabilizers  and  mud  detectors.  The 
dredged  material  was  a  silty  clay;  however,  no  water  depths  were  pro¬ 
vided  (Okayama  1983). 

Sediment  resuspension  was  measured  with  submerged  pumps  located  on 
the  dragarm,  draghead,  and  at  "proper"  locations  downstream  of  the 
dredge.  Sediment  resuspension  was  estimated  from  a  graph  provided  by 
Okayama  (1983).  Suspended  solids  concentrations  at  the  draghead,  with¬ 
out  stabilizers,  ranged  from  10  to  13,000  mg/L.  Suspended  solids  at  the 
draghead,  with  stabilizers,  ranged  from  10  to  11,000  mg/L.  High-end  con¬ 
centrations  were  reportedly  associated  with  quick  removal  of  the  draghead 
from  the  sea  bottom. 

Concentrations  reportedly  leveled  off  at  or  below  1 ,000  mg/L  during 
stable  dredging  with  and  without  stabilizers.  Maximum  SS  concentrations 
measured  at  the  dragarm  and  the  proper  location  downstream  during  sta¬ 
ble  dredging  were  11.8  and  5.8  mg/L,  respectively.  Therefore,  sediment 
resuspension  associated  with  the  front-open  draghead,  with  and  without 
stabilizers,  appears  to  be  limited  to  the  immediate  vicinity  of  the  draghead. 


IHC  roller  silt  dragheads 

Description.  MTI  Holland  laboratory  of  IHC  Holland,  The  Netherlands, 
developed  the  IHC  Roller  Silt  draghead  (Figure  9)  (Van  Dooremalen  et  al. 
1983).  Major  features  of  the  draghead  include  the  following: 
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Figure  9.  IHC  Roller  Silt  draghead  (from  Van  Dooremalen  et  al.  1983) 


a.  Roller.  Breaks  the  cohesion  of  the  sediment,  supports  the  draghead, 
prevents  accumulation  of  silt  behind  the  draghead,  passes  over 
obstructions,  and  lessens  the  friction  between  the  bottom  and 
draghead. 

b.  Adjustable  suction  inlet.  Adjusts  to  the  thickness  of  sediment  being 
removed,  suction  depth,  and  trailing  speed. 

Sediment  resuspension  associated  with  the  IHC  Roller  Silt  draghead  has 
been  monitored  at  Gray  and  Pearl  Harbors  in  the  United  States.  Descrip¬ 
tions  of  these  field  tests  and  the  performance  of  the  IHC  Roller  Silt 
draghead  follow. 

Gray  and  Pearl  Harbors.  In  1983  and  1984,  the  USAED,  Portland,  con¬ 
ducted  field  studies  in  Gray  Harbor,  Washington,  and  Pearl  Harbor,  Ha¬ 
waii,  to  compare  the  effectiveness  of  several  hopper  dredge  dragheads 
designed  for  dredging  fine-grained  sediments.  The  hopper  dredge  Es- 
sayons,  with  a  hopper  capacity  of  6,000  cu  yd,  was  used  for  these  tests. 

Dragheads  tested  included  those  of  IHC  California;  Biadle  California, 
modified  with  skirts  and  a  mixing  valve;  Portland  Mud;  Comber  Class 
Coral,  without  teeth  or  skirt  but  with  a  mixing  valve;  and  IHC  Roller  Silt 
dragheads  with  grates  added  to  prevent  clogging.  The  IHC  California 
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draghead  was  installed  on  the  starboard  dragarm,  as  the  control  item, 
while  the  other  dragheads  were  installed  on  the  port  dragarm  for 
comparison. 

The  dredged  material  was  a  sandy  silt  with  a  USCS  classification  of 
ML.  Sediment  resuspension  of  the  entire  dredge  was  observed  as  opposed 
to  the  resuspension  from  a  particular  draghead  (Case,  Woolley,  and 
Perkins  1984;  McLellan  et  al.  1989). 

The  results  of  this  testing  indicated  that  the  IHC  Roller  Silt  and  Port¬ 
land  Mud  dragheads  were  the  most  effective  in  dredging  fine-grained 
sediments  in  Gray  and  Pearl  Harbors.  The  IHC  Roller  Silt  draghead 
experienced  problems  with  clogging;  however,  it  seems  to  have  the 
potential  to  operate  well  in  fine-grained  sediments  if  the  clogging  problem 
can  be  lesolved. 

It  appears  that  the  physical  components  of  the  hopper  dredge  (pump 
size  and  location,  draghead  design,  pipe  size,  etc.)  are  the  major  factors 
affecting  its  efficiency  in  dredging  fine-grained  sediments.  If  the  physical 
components  of  the  hopper  dredge  can  be  improved  so  they  would  not  be 
the  limiting  factors  of  production,  the  draghead  design  could  be  improved. 
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3  Pneumatic  Dredging 
Equipment 


General 


Pneumatic  pumps  use  a  positive  displacement  action  capable  of  pump¬ 
ing  slurry  at  higher  solid  concentrations  than  centrifugal  pumps. 

Pneumatic  pumps  are  also  capable  of  delivering  significantly  higher  heads 
than  centrifugal  pumps  (Courtney  1986).  They  are,  however,  more  expen¬ 
sive  in  terms  of  capital  and  operating  costs  than  centrifugal  pumps.  Thus, 
pneumatic  dredges  have  received  limited  use  in  the  highly  competitive  US 
dredging  market. 

While  some  debate  exists  over  the  cost  of  the  pneumatic  dredge,  the  gen¬ 
erally  passive  nature  of  this  dredge  makes  it  a  logical  candidate  for  remo''- 
ing  highly  contaminated  sediments.  Some  pneumatic  dredges  employ 
mechanical  action  to  loosen  sediments  for  removal,  but  they  are  generally 
less  aggressive  than  conventional  dredges.  Operational  characteristics 
and  considerations  are  discussed  in  the  dredge  descriptions  which  follow. 

Pneuma,  Oozer,  and  airlift  dredges  are  equipped  with  pneumatic  pump¬ 
ing  systems.  Although  there  are  some  structural  differences  between  the 
Pneuma  and  Oozer  dredges,  the  basic  operating  principle  is  the  same.  The 
natural  positive  water  pressure  is  combined  with  an  artificially  generated 
negative  pressure,  usually  inside  a  submerged  cylinder,  to  create  large 
vacuum  pressures  on  the  sediment.  Deep  dredging  depths  provide  a 
stronger  thrust  because  of  increased  hydrostatic  pressure;  however, 
vacuum  systems  can  be  added  to  the  system  to  make  up  for  losses  in 
hydrostatic  pressure  in  shallow  environments. 

Once  the  sediment  moves  into  the  vacuum  of  the  submerged  cylinder,  it 
is  discharged  by  pumping  compressed  air  into  the  cylinder  and  providing  a 
low-pressure  exit  v>a  a  pipe  reaching  above  the  water  surface. 

The  complete  dredging  process  therefore  includes  the  suction,  dis¬ 
charge,  and  pressure-releasing  steps  illustrated  in  Figure  10  and  described 
below  (Nishi  1976,  Barnard  ’978). 
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FILLING  PHASE  DISCHARGE  PHASE 


Figure  10.  Pneumatic  pump  operation  (from  Herbich  and  Brahme  1991) 


a.  As  a  vacuum  occurs  inside  the  tank,  sediment  moves  through  the 
inlet  valve,  as  a  result  of  the  difference  in  pressure  inside  and  out 
(i.e.,  water  pressure  plus  vacuum),  and  flows  into  the  submerged 
cylinder.  Once  the  cylinder  is  filled,  the  suction  cycle  automatically 
ends. 

b.  The  cylinder  is  opened  to  the  atmosphere,  and  the  air  compressor 
delivers  compressed  air  to  the  cylinder.  The  positive  pressure 
created  in  the  cylinder  causes  sediment  to  move  through  the  outlet 
valve  until  the  cylinder  is  emptied. 

c.  Upon  completion  of  the  suction  and  discharge  processes,  residual 
pressure  inside  the  cylinder  is  released  into  the  air  and  the  operation 
repeats.  Sediment  flows  into  the  submerged  cylinders  continuously 
as  the  suction  and  discharge  processes  alternate. 


Pneuma  Dredges 


Description 

SIRSI  of  Florence,  Italy,  initially  developed  the  Pneuma  dredge 
(Figure  11).  Several  standard  models  (30/5  to  1500/200)  of  the  Pneuma 
pump  are  currently  available  from  Pneuma  S.R.L  of  Firenze,  Italy.  The 
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Figure  11.  Pneuma  dredgehead  (from  Herbich  and  Brahme  1991) 


Pneuma  dredge  can  operate  by  the  hole,  trailing,  or  ladder-mounted 
method. 

The  hole  method  consists  of  a  crane-mounted  pump  dredging  a  hole, 
with  the  surrounding  material  flowing  into  the  hole.  This  method  is  most 
effective  in  loose,  cohesionless  material. 

The  trailing  method  consists  of  winching  a  barge  or  ladder-mounted 
pump  through  the  sediment.  This  method  is  normally  used  for  cohesive 
material. 
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Ladder-mounted  versions  of  the  Pneuma  dredge  operate  much  like  the 
conventional  cutterhead  dredge  and  are  applicable  to  similar  dredging  con¬ 
ditions. 

With  the  cutting  action  of  a  Pneuma  dredgehead  in  the  lower  water 
column,  most  of  the  sediment  resuspension  should  appear  in  the  lower 
water  column  (Barnard  1978;  Kasajima  1934;  Richardson  et  al.  1984; 
Pneuma  S.R.L.,  undated;  Faldi  1990). 

Major  features  and  functions  of  the  Pneuma  dredge  are  listed  below. 

a.  Three  submerged  cylinders.  Collect  the  sediment. 

b.  Distributor.  Regulates  the  influx  and  discharge  of  compressed  air 
to  and  from  each  cylinder  of  the  pump  body.  The  distributor  is 
normally  located  on  the  dredge  deck;  however,  it  can  be  mounted  on 
top  of  the  cylinders  when  dredging  in  deep  water. 

c.  Air  compressor(s).  Provides  a  high-pressure  air  source. 

d.  Hole  dredging  attachment.  Three  straight-leg  attachments  are  fitted 
to  the  bottom  of  the  cylinders  and  used  to  remove  free-flowing 
sediment. 

e.  Trail  dredging  attachment.  One  big  shovel  is  normally  used  for 
removing  semihard  material;  either  one  or  three  small  shovels 
would  be  used  for  removing  hard  material;  three  small  vacuum 
shovels  would  be  used  to  remove  thin  layers  of  sediment  or 
sediment  from  concrete  or  stone  surfaces.  Two  small  shovels  or 
two  big  shovels  are  mounted  on  the  starboard  and  port  sides  of  the 
pump  when  it  is  ladder-mounted.  All  of  these  attachments  are  fitted 
to  the  bottom  of  the  cylinders  and  are  designed  to  penetrate  stiff 
sediment  and  level  the  bottom.  Grates  can  be  used  to  prevent  large 
objects  from  entering  the  attachments  and  clogging  the  suction 
intake. 

f.  Vacuum  system.  Aids  in  the  removal  of  sediment  in  shallow  water 
depths. 

g.  Check  valves.  Allow  flow  in  only  one  direction. 

Sediment  resuspension  associated  with  the  Pneuma  dredge  has  been 
monitored  in  the  Duwamish  Waterway,  Cape  Fear  River,  and  Gibraltar 
Lake  in  the  United  States  and  in  the  Aji  River  and  Chofu  and  Kokura 
Ports,  Japan.  Descriptions  of  these  field  tests  and  the  performance  of  the 
Pneuma  dredge  are  given  in  the  following  paragraphs. 
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Field  tests 

Duwamish  Waterway.  In  March  1976,  the  USAED,  Seattle,  used  a 
Pneuma  dredgehead  to  remove  sediments  contaminated  with 
polychlorinated  biphenyls  (PCBs)  from  Slip  1  of  the  Duwamish  Waterway 
located  in  Seattle  Harbor,  Washington.  An  Italian-manufactured  Pneuma 
model  600/100  dredge,  obtained  from  Pneuma  North  America,  Inc., 
Hinsdale,  IL,  performed  the  dredging.  A  debris  boat  (the  Puget)  used  a 
crane  to  deploy  the  Pneuma  dredgehead  in  the  first  USACE  use  of  a 
Pneuma  dredge.  Downstream  monitoring  reportedly  indicated  that  the 
Pneuma  pump  produced  little  resuspension  (USAED,  Seattle  1976;  Her- 
bich  and  Brahme  1991). 

Cape  Fear  River.  The  WES  and  the  USAED,  Wilmington,  conducted 
tests  on  the  600/100  model  Pneuma  dredgehead  between  August  and  Oc¬ 
tober  1978.  At  that  time,  SIRSI-SpA  of  Florence,  Italy,  manufactured  the 
Pneuma  pump,  which  was  obtained  from  Amtec  Development  Corpora¬ 
tion,  Highland  Park,  IL.  The  dredging  was  conducted  in  a  lock  approach, 
tidal  inlet,  and  dock  area  in  the  Cape  Fear  River,  North  Carolina.  The 
Pneuma  dredged  sand  from  the  lock  approach  and  tidal  inlet,  and  silty 
clay  from  the  dock  area. 

Sediment  resuspension  was  monitored  during  dredging  of  the  silty  clay 
around  wharf  No.  3  at  the  Military  Ocean  Terminal  at  Sunny  Point,  which 
is  located  along  the  Cape  Fear  River.  Water  depths  at  the  Terminal  site 
ranged  from  8  to  9  m. 

A  32-m-long  boat  (the  Snell),  equipped  with  a  18-ton  crane,  deployed 
the  Pneuma  dredgehead.  The  dredgehead  was  towed  through  the  sediment 
by  the  Snell  (Richardson  et  al.  1982,  Richardson  1984,  Raymond  1984). 

Measurements  of  average  suspended  solids  are  provided  in  Table  9. 
Background  concentrations  taken  at  the  water  surface  adjacent  to  the 
dredgehead  while  the  dredge  was  not  operating  averaged  5.44  mg/L. 

Results  indicated  that  turbidity  generation  was  limited  and  intermittent, 
with  no  apparent  suspended  material  buildup.  The  crane-based  and 
towing  deployment  method  was  not  conducive  for  good  pump  perfor¬ 
mance  and  sustained  excavation  rates.  Because  of  its  weight  and  bulk,  the 
model  tested  was  difficult  to  deploy  properly  without  more  appropriate 
equipment. 

Gibraltar  Lake.  From  August  1984  to  May  1986,  the  city  of  Santa  Bar¬ 
bara,  CA,  undertook  a  dredging  project  in  Gibraltar  Lake.  Gibraltar  Lake 
is  located  about  7  miles  north  of  Santa  Barbara  and  provides  an  average  of 
35  percent  of  the  city’s  drinking  water  supply.  The  lake’s  capacity  has 
been  steadily  decreasing  because  of  siltation  from  the  stripped  land  ad¬ 
jacent  to  the  lake,  as  a  result  of  numerous  forest  fires  in  the  area.  In  addi¬ 
tion,  a  portion  of  the  sediment  in  the  lake  was  contaminated  by  discharges 
into  the  lake  from  an  old  mercury-mining  mill. 
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Table  9 

Cape  Fear  River  Pneuma  Dredge  Field  Test 
(Richardson  et  al.  1982) 

Location 
(Downstream 
of  Dredgehead, 
ft) 

Average  Suspended  Solids  (mg/L) 

Water 

Surface 

5-ft 

Depth 

10-ft 

Depth 

1 5-ft 

Depth 

0 

4.63 

5.60 

5.52 

10.93 

25 

5.35 

6.42 

12.00 

15.28 

50 

7.02 

5.65 

7.40 

8.50 

75 

5.23 

7.90 

6.18 

14.38 

100 

5.30 

5.15 

5.45 

6.70 

125 

4.65 

5.15 

4.95 

4.90 

150 

6.35 

9.35 

12.25 

14.55 

175 

4.80 

2.05 

7.00 

18.50 

200 

4.85 

4.30 

8.70 

11.70 

A  Pneuma  dredge  was  selected  to  remove  the  silty  sediment  from  the 
lake  because  of  concern  over  the  city’s  water  supply.  Water  depths  in  the 
lake  ranged  from  15  to  25  ft.  The  Pneuma  dredge  was  purchased  by  the 
USEPA  Clean  Lakes  Program  and  the  city  of  Santa  Barbara.  Originally, 
the  dredge  was  equipped  with  straight-leg  attachments  for  removal  of  the 
loose  sediment.  Later,  the  straight-leg  attachments  were  replaced  with  the 
three-shovel  attachments  for  removal  of  the  more  consolidated  sediment. 
The  Pneuma  dredge  reportedly  performed  very  well.  Upon  completion  of 
the  initial  phases  of  dredging,  the  city  has  maintained  the  dredge  for 
future  use  in  the  lake  (City  of  Santa  Barbara  1987). 

Weekly  water  quality  analyses  were  performed  by  the  city  of  Santa  Bar¬ 
bara.  These  analyses  included  monitoring  of  suspended  solids  at  the 
water  surface  and  at  middepth,  at  the  dredge  and  61  m  from  the  dredge. 
Results  of  this  monitoring  are  reported  in  Table  10. 

Aji  River.  In  March  1979,  the  Port  and  Harbour  Bureau,  city  of  Osaka, 
Japan,  conducted  turbidity  field  tests  in  the  Aji  River  using  a  450/80 
Pneuma  dredge  and  a  watertight  bucket  (see  Chapter  4).  A  Pneuma 
dredgehead,  with  three  shovel  attachments,  was  mounted  on  the  ladder  of 
the  dredge  ShunKai.  Previous  tests  indicated  that  the  three-shovel  attach¬ 
ment  was  more  effective  than  the  big  shovel  and  straight-leg  attachments 
when  dredging  mud  and  soft  clays.  In  shallow  depths,  the  surplus  of  com¬ 
pressed  air  was  used  to  drive  a  vacuum  that  decreased  the  minimum  dredg¬ 
ing  depth  by  1  m  and  reduced  the  chances  of  choking  the  shovels  with  soft 
clay. 
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Table  10 

Gibraltar  Lake  Pneuma  Dredge  Field  Test 
(City  of  Santa  Barbara  1987) 

Day 

Suspended  Solids  at  Dredgehead 
(mg/L) 

Suspended  Solids  61  m  from 
Dredge  (mg/L) 

Surface 

Middepth 

Surface 

Middepth 

1 

7.2 

9.3 

9.2 

7.8 

2 

1.8 

1.7 

3.3 

3.2 

3 

2.3 

2.6 

1.2 

1.5 

4 

0.6 

1.2 

3.3 

1.5 

5 

1.5 

0.8 

1.3 

1.4 

6 

1.0 

1.1 

0.8 

1.2 

7 

21.6 

23.2 

22.8 

— 

8 

35 

3.0 

2.0 

3.0 

9 

8.0 

8.0 

8.0 

12.0 

10 

5.9 

5.8 

5.4 

5.2 

11 

3.6 

3.6 

2.7 

3.8 

12 

0.9 

1.2 

1.2 

1.0 

13 

0.5 

0.7 

0.3 

0.3 

The  dredged  material  at  this  site  consisted  of  soft  clay  in  water  depths 
ranging  from  9  to  12  m  (Kasajima  1984).  Suspended  solids  concentra¬ 
tions  were  measured  at  50,  100,  and  150  m  upstream  and  downstream  and 
at  50  and  100  m  starboard  and  port  of  the  Pneuma  dredge.  These  measure¬ 
ments  are  presented  in  Table  1 1 . 

Chofu  Port.  In  August  1973  the  Japanese  conducted  field  tests  using  a 
ladder-mounted  300/60  model  Pneuma  dredge  in  Chofu  Port.  Chofu  Port 
is  located  near  Shimonoseki  City.  The  Pneuma  dredge  No.  3  Suehiro  was 
used  for  this  project  in  water  depths  that  ranged  from  4  to  5  m.  Turbidity 
was  measured  at  the  water  surface  and  at  4,  2,  and  1  m  from  the  sea  bot¬ 
tom  at  1 1  sampling  locations.  However,  Pneuma  S.R.L  (undated)  reported 
the  suspended  solids  at  this  site  to  be  equivalent  to  2.696  times  the  turbid¬ 
ity  readings.  Using  this  conversion,  the  results  are  provided  in  Table  12 
(Pneuma  S.R.L.,  undated;  Barnard  1978). 

Kokura  Port.  In  December  1973  the  Japanese  conducted  field  tests  using 
a  ladder-mounted  300/60  model  Pneuma  dredge  in  Kokura  Port.  Kokura  Port 
is  located  near  Kita  Kyushu  City.  The  Pneuma  dredge  No.  3  Suehiro  was 
used  for  this  project  in  water  depths  that  ranged  from  9.5  to  10  m. 
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Table  11 

Aji  River  Pneuma  Dredge  Field  Test  (Kasajima  1984) 

Location 
(From  Dredge) 

Suspended  Solids  (mg/L) 

0.5  m  Below 

Water  Surface 

2  m  Below 

Water  Surface 

2  m  Above 

Water  Bottom 

50  m  bow 

13 

11 

8 

100  m  bow 

13 

11 

4 

150  m  bow 

13 

10 

4 

50  m  port 

12 

10 

6 

100  m  port 

12 

11 

5 

50  m  stern 

14 

10 

10 

100  m  stern 

14 

9 

9 

150  m  stern 

14 

9 

7 

50  m  starboard 

12 

10 

6 

1 00  m  starboard 

13 

11 

6 

Table  12 

Chofu  Port  Pneuma  Dredge  Field  Test  (Pneuma  S.R.L.,  undated) 

Sample  Location 

Suspended  Solids1  (mg/L) 

Water 

Surface 

4  m  from 
Bottom 

2  m  from 
Bottom 

1  m  from 
Bottom 

30  m  in  front  of  dredgehead 

12.4 

17.5 

18.3 

12.4 

50  m  port  of  dredgehead 

6.5 

6.5 

7.3 

7.8 

50  m  starboard  of  dredgehead 

5.7 

5.7 

7.8 

15.9 

30  m  behind  dredge 

4.6 

1.3 

10.0 

10.0 

5  m  port  of  dredgehead 

30.2 

4.9 

8.6 

11.1 

5  m  starboard  of  dredgehead 

1.3 

2.2 

2.2 

2.2 

5  m  in  front  of  dredgehead2 

4.1 

9.8 

25.7 

48.0 

5  m  behind  dredgehed 

9.2 

6.2 

12.9 

8.1 

Port  bow  of  dredge 

12.1 

2.2 

3.2 

7.3 

Starboard  bow  of  dredge 

7.8 

12.9 

16.7 

12.9 

Midstern  of  dredge 

11.3 

13.5 

44.5 

28.5 

1  Calculated  using  SS  =  2.696  x  turbidity. 

2  Measured  directly,  no  conversions. 
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Turbidity  was  measured  at  the  water  surface  and  at  4,  2,  and  1  m  from 
the  sea  bottom  at  eight  sampling  locations.  However,  Pneuma  S.R.L  (un¬ 
dated)  reported  the  suspended  solids  at  this  site  to  be  equivalent  to  1.2326 
times  the  turbidity  readings.  Using  this  conversion,  the  results  are 
provided  in  Table  13  (Pneuma  S.R.L.,  undated;  Barnard  1978). 


Table  13 

Kokura  Port  Pneuma  Dredge  Field  Test  (Pneuma  S.R.L.,  undated) 

Sample 

Location 

Suspended  Solids  (mg/L)1 

Water 

Surface 

4  m  from 
Bottom 

2  m  from 
Bottom 

1  m  from 
Bottom 

50  m  in  front  of  dredgehead 

11.1 

11.7 

10.5 

11.7 

50  m  port  of  dredgehead 

9.9 

9.9 

11.1 

12.3 

50  m  behind  dredgehead 

6.2 

3.7 

2.5 

4.3 

50  m  starboard  of  dredgehead 

9.2 

6.8 

22.2 

— 

5  m  port  of  dredgehead 

6.2 

4.9 

8.6 

9.9 

5  m  starboard  of  dredgehead 

7.4 

8.0 

8.0 

12.9 

1 00  m  port  of  dredgehead 

4.9 

6.8 

8.0 

7.4 

100  m  behind  dredgehead 

5.5 

6.8 

6.8 

8.0 

1  Calculated  using  SS  =  1.2326  x  turbidity. 

Oozer  Dredges 


Description 

Toyo  Construction  Company,  Ltd.,3  developed  the  Oozer  dredge 
(Figure  12)  for  removing  highly  contaminated  sediments,  but  the  Japanese 
Ministry  of  Construction  owns  the  basic  patent  on  the  Oozer  dredge.  It  is 
reportedly  available  in  the  United  States  through  TJK,  Inc.,  of  California 
(Goodier  1981). 

The  Oozer  dredge  is  a  Japanese  version  of  the  Pneuma  dredge.  The 
Oozer  dredge  is  ladder-mounted  and  operates  much  like  a  conventional 
cutterhead  dredge.  With  the  cutting  action  of  Oozer  dredgehead  in  the 


3-7-1  Kanda  Nishikicho,  Chiyoda-ku,  Tokyo,  Japan. 
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Figure  12.  Oozer  dredgehead  (from  Toyo  Construction  Company,  undated) 
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lower  water  column,  most  of  the  sediment  resuspension  should  appear  in 
the  lower  water  column  (Nishi  1976;  Barnard  1978;  Toyo  Construction  un¬ 
dated,  1978;  Mitre  Corporation  1983;  Fujii  and  Otsu  1987). 

Major  features  and  functions  of  the  Oozer  dredge  include  the  following: 

a.  Two  submerged  cylinders.  Collect  the  sediment. 

b.  Distributor.  Regulates  the  influx  and  discharge  of  compressed  air 
to  and  from  each  cylinder  of  the  pump  body.  The  distributor  can  be 
mounted  on  top  of  the  cylinders  when  dredging  in  deep  water. 

c.  Air  compressor(s).  Provides  a  high-pressure  air  source. 

d.  Vacuum  system.  Aids  in  the  removal  of  sediment  in  shallow  depths 
because  of  a  deficiency  of  hydrostatic  pressure. 

e.  Cutters.  Draghead  or  hydraulic  screw  cutters  with  grates  to  prevent 
large  objects  from  clogging  the  suction  intake. 

/.  Covers.  Located  over  the  suction  mouth  to  recover  released  oil  and 
gas  and  directly  below  the  two  cylinders  to  prevent  sediment 
resuspension. 

g.  Sonar.  Positioned  on  the  upper  side  of  the  suction  mouth  to  allow 
the  dredgehead  to  follow  the  contours  of  the  bottom. 

A  volume  recorder  and  underwater  camera  may  also  be  attached  to  the 
Oozer  dredgehead.  The  volume  recorder  records  the  actual  amount  of  ma¬ 
terial  dredged,  and  the  underwater  camera  monitors  the  amount  of  sedi¬ 
ment  resuspension.  Toyo  Construction  Company  currently  operates  two 
Oozer  dredges,  the  Taian  Maru  and  the  No.  1  Oozer. 


Field  tests 

Osaka  Bay.  The  Japanese  Dredging  and  Reclamation  Engineering  Asso¬ 
ciation  conducted  a  field  test  of  the  Oozer  dredge  in  Osaka  Bay,  Japan. 
The  Oozer  dredge  removed  organically  contaminated  fine-grained  sedi¬ 
ment  in  16  m  of  water.  Results  indicated  that  the  primary  source  of 
sediment  resuspension  around  the  Oozer  dredge  is  the  swing  speed. 

Suspended  solids  concentrations  were  monitored  at  locations  50,  100, 
200,  and  300  m  in  front  of  the  Oozer  dredgehead;  three  sample  stations 
were  radially  located  at  these  distances.  The  maximum  concentrations 
observed  at  the  three  stations,  as  approximated  from  graphs  provided  by 
Koba  and  Shiba  (1981),  are  provided  in  Table  14.  Koba  and  Shiba  (1981) 
reported  background  suspended  solids  ranging  from  9  to  10  mg/L. 
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Table  14 

Osaka  Bay  Oozer  Dredge  Field  Test 


Day 

Depth  (m) 

Maximum  Suspended  Solids1  (mg/L) 

SO  m  in  Front 
of  Dredgehead 

100  m  In 

Front  of 
Dredgehead 

200  m  in 

Front  of 
Dredgehead 

300  m  in 

Front  of 
Dredgehead 

1 

3 

12 

10 

11 

5 

8 

10 

9 

10 

8 

12 

9 

7 

7 

8 

2 

3 

11 

12 

10 

6 

8 

11 

14 

9 

2 

12 

11 

13 

13 

5 

'  Approximated  from  graphs  provided  by  Koba  and  Shiba  (1983). 


Airlift  Dredges 

The  airlift  dredge  consists  of  a  submerged  recovery  pipe  into  which 
compressed  air  is  injected  at  a  point  below  the  water  surface.  As  the  air 
and  water  flow  into  the  submerged  end  of  the  recovery  pipe,  the  sediment 
is  picked  up  and  transported  through  the  pipe  to  the  surface  where  the 
solid/water  mixture  is  discharged  into  a  recovery  barge.  The  recovery 
pipe  is  positioned  so  that  most  of  the  disturbed  sediment  is  drawn  directly 
into  the  intake  of  the  recovery  pipe. 

The  operation  principle  of  the  airlift  dredge  reportedly  minimizes  sedi¬ 
ment  resuspension;  however,  no  data  were  available  to  verify  this.  An  air¬ 
lift  dredge  and  ancillary  equipment  capable  of  removing  small  amounts  of 
sediment  can  be  fabricated  from  readily  available  equipment  (Goodier 
1981,  Mitre  Corporation  1983). 
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Clamshell  or  bucket,  ladder,  and  dipper  dredges  are  generally  classified 
as  mechanical  dredges  because  they  accomplish  sediment  removal  and 
movement  through  entirely  mechanical  means.  Mechanical  dredges  are 
typically  less  efficient  sediment  movers  than  other  dredge  types,  but  are 
usually  less  expensive  to  mobilize,  can  operate  in  constricted  areas,  and 
produce  dredged  material  concentrations  nearer  those  of  the  in  situ  sedi¬ 
ment.  They  are  often  selected  for  smaller  dredging  projects  in  constricted 
areas  such  as  piers  and  docks.  They  also  operate  effectively  in  areas 
where  waterborne  traffic  should  not  be  interrupted  or,  because  of  distance, 
dredged  sediment  must  be  barged  to  the  disposal  site. 

For  these  reasons,  clamshell  or  bucket  dredges  are  logical  selections  for 
removing  sediments  from  many  contaminated  areas.  Ladder  and  dipper 
dredges  have  characteristically  high  sediment  resuspension  rates  and 
would  not  be  suitable  for  dredging  contaminated  sediments  (Mitre  Cor¬ 
poration  1983). 


Bucket  Dredges 


General 

The  bucket  dredge  is  the  most  common  mechanical  dredge  in  the  United 
States.  Bucket  dredges  are  often  as  simple  as  a  crane  mounted  on  a  barge 
(Figure  13),  but  most  are  designed  and  constructed  specifically  for  dredg¬ 
ing.  Size  classification  is  by  bucket  capacity,  ranging  from  1  to  50  cu  yd 
(Barnard  1978,  Cullinane  et  al.  1986).  A  bucket  dredge  operates  similarly 
to  a  land-based  crane  and  bucket.  The  crane  allows  the  bucket  to  fall 
through  the  water  column,  sinking  into  the  sediment  on  contact;  it  then 
lifts  the  loaded  bucket,  causing  the  jaws  to  close,  and  raises  the  bucket 
through  the  water  column.  Once  above  the  water  surface,  the  crane 
rotates  the  bucket  over  the  barge  or  open-water  discharge  area,  and  drops 
the  bucket  to  release  its  load. 
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Sediment  resuspension  during  bucket  dredging  operations  results  from 
the  impact,  penetration,  and  removal  of  the  bucket  from  the  bottom  sedi¬ 
ments;  leakage  while  raising  it  through  and  out  of  the  water  column;  and 
washing  during  movement  through  the  water  column  (Barnard  1978).  Sub¬ 
stantial  suspended  solius  may  also  occur  it  the  sediments  are  loaded  into  a 
hopper  barge  and  surface  water  in  the  barges  is  allowed  to  flow  back  into 
the  water  body.  Suspended  solids  in  the  area  of  influence  of  the  bucket 
dredge,  without  hopper  barge  overflow,  can  range  from  20  to  1,100  mg/L 
(McLellan  et  al.  1989). 

An  enclosed,  or  watertight,  bucket  has  been  developed  to  limit  spillage 
and  leakage  from  the  bucket,  subsequently  reducing  sediment  resuspen¬ 
sion  (McLellan  et  al.  1989).  Recently,  geotextile  turbidity  curtains,  or  tur¬ 
bidity  screens,  have  been  used  to  surround  the  point  of  dredging  and 
contain  the  sediment  resuspension  (Hoogerwerf  1990,  Pennekamp  and 
Quaak  1990). 


Watertight  bucket 

The  Japanese  Port  and  Harbor  Institute  developed  the  watertight 
bucket,  which  is  manufactured  by  Mitsubishi  Seiko  Company,  Ltd.4 
(see  Figure  14).  According  to  the  manufacturer,  bucket  sizes  range  from 
2  to  20  cu  m.  Several  US  manufacturers  have  produced  watertight 
buckets  with  variations  of  the  original  design  (Barnard  1978). 


Figure  14.  Watertight  bucket  (from  Herbich  and  Brahme  1991) 


Box  48,  Nippon  Building,  2-6-2  Itemachi  Chiyoda-ky,  Tokyo,  Japan. 
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Major  features  and  functions  of  the  original  watertight  bucket  include 
the  following: 

a.  Cover.  Attached  to  the  rods  and  shells  of  the  bucket  to  prevent  the 
material  from  spilling  over  the  sides  of  the  bucket  while  raising  it 
through  the  water  column. 

b.  Fxterior  pulley.  Attached  to  the  bucket  covers,  thereby  eliminating 
the  need  for  an  opening  in  the  bucket  cover  for  the  pulley  cables. 

c.  Sealed  joints.  Rubber  packing  or  tongue-in-groove  joints  seal  the 
joints  of  the  bucket. 

Sediment  resuspension  associated  with  the  watertight  bucket  has  been 
measured  in  the  Aji,  Hori,  and  Oyabe  Rivers  in  Japan  and  in  the  St.  Johns 
River  in  the  United  States.  Descriptions  of  these  field  tests  are  presented 
below. 

Aji  River.  In  March  1979,  the  Port  and  Harbour  Bureau,  city  of  Osaka, 
Japan,  conducted  turbidity  field  tests  in  the  Aji  River  using  a  450/80 
Pneuma  dredge  and  a  watertight  bucket.  The  size  of  the  watertight  bucket 
was  not  reported.  The  dredge  material  at  this  site  consisted  of  soft  clay  in 
water  depths  ranging  from  9  to  12  m  (Kasajima  1984). 

Suspended  solids  concentrations  were  measured  at  50,  100,  and  150  m 
upstream  and  downstream,  50  and  100  m  port,  and  50  m  starboard  of  the 
watertight  bucket  dredge  at  0.5  and  2  m  from  the  water  surface  and  2  m 
from  the  water  bottom.  These  measurements  are  provided  in  Table  15. 

Hori  River.  In  October  1973,  a  comparison  between  a  1-cu  m  conven¬ 
tional  bucket  and  a  1-cu  m  Japanese  watertight  bucket  was  conducted  in 
the  Hori  River  near  Nagoya,  Japan.  The  removed  sediments  were  primari¬ 
ly  clay  and  silt  in  water  depths  of  approximately  3  m.  A  hydraulic  load 
meter  connected  to  the  wire  rope  of  the  bucket  measured  the  average 
leakage  weight  from  each  bucket.  This  weight  was  determined  after  hold¬ 
ing  the  bucket  above  the  water  surface  for  a  period  of  1  min  for  drainage 
to  occur.  Results  indicated  that  the  average  leakage  weight  for  the  open 
bucket  was  1.56  times  that  of  the  watertight  bucket  (Yagi,  Koiwa,  and 
Miyazaki  1976). 

Suspended  solids  concentrations  were  monitored  at  locations  7,  13,  and 
23  m  downstream  of  the  watertight  bucket  at  depths  of  0.5,  1.5,  and  2.5  m. 
The  maximum  concentrations  observed,  as  approximated  from  graphs 
provided  by  Yagi  Koiwa,  and  Miyazaki  (1976),  are  provided  in  Table  16. 
Background  suspended  solids  concentrations  at  this  site  ranged  from  ap¬ 
proximately  5  to  12  mg/L.  Sediment  resuspension  data  associated  with  an 
open  bucket  operating  at  this  site  can  be  found  in  Yagi,  Koiwa,  and 
Miyazaki  (1976). 
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Table  15 

Aji  River  Watertight  Bucket  Field  Test  (Kasajima  1984) 

Location 
(from  Dredge) 

Suspended  Solids  (mg/L) 

0.5  m  Below 

Water  Surface 

2  m  Below 

Water  Surface 

2  m  Below 

Water  Bottom 

50  m  bow 

20 

38 

40 

1 00  m  bow 

13 

12 

9 

1 50  m bow 

13 

12 

12 

50  m  port 

16 

35 

80 

1 00  m  port 

15 

14 

7 

50  m  stern 

15 

14 

30 

1 00  m  stern 

14 

18 

25 

1 50  m  stern 

14 

13 

25 

50  (ii  starboard 

23 

— 

13 

Table  16 

Hori  River  Watertight  Bucket  Field  Test 

Maximum  Suspended  Solids1  (mg/L) 

Depth  (m) 

7  m  Downstream 
of  Bucket 

13  m  Downstream 
of  Bucket 

23  m  Downstream 
of  Bucket 

0.5 

105 

— 

— 

1.5 

70 

25 

— 

2.5 

20 

13 

30 

1  Approximated  from  graphs  provided  by  Yagi,  Koiwa,  and  Miyazaki  (1976).  j 

Oyabe  River.  In  November  1973,  the  sediment  resuspension  associated 
with  a  4-cu  m  watertight  bucket  was  observed  in  the  Oyabe  River  in 
Toyama  Prefecture.  Four  separate  tests  were  conducted  at  this  site.  The 
removed  sediments  were  primarily  clay  and  silt  in  water  depths  of  approxi¬ 
mately  5  m.  Graphs  provided  by  Yagi,  Koiwa,  and  Miyazaki  (1976)  indi¬ 
cated  that  sediment  resuspension  was  normally  less  than  100  mg/L; 
however,  several  readings  exceeded  200  mg/L. 

St.  Johns  River.  In  February  1982,  a  field  study  was  conducted  in  the 
St.  Johns  River  near  Jacksonville,  FL,  to  measure  the  sediment  resuspen¬ 
sion  characteristics  of  a  watertight  bucket.  Silty  sediment,  classified  as 
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MH,  was  removed  from  Pier  Basin  139  of  the  Jacksonville  Naval  Air  Sta¬ 
tion  to  increase  the  depth  in  the  basin  to  4.5  m. 

The  watertight  bucket  consisted  of  a  modified  Yawn-Williams  13-cu  yd 
clamshell  bucket  with  side  and  top  plates  welded  onto  the  top.  The  edge 
of  each  half  was  lined  with  rubber  to  ensure  a  watertight  seal.  A  rectangu¬ 
lar  opening  in  the  cover  provided  an  opening  for  the  pulley,  and  allowed 
air  to  escape  during  submersion. 

The  contractor  estimated  that  the  addition  of  the  sides  and  top  probably 
increased  the  bucket’s  capacity  to  about  15  cu  yd  (Hayes,  Raymond,  and 
McLellan  1984;  McLellan  et  al.  1989). 

Affected  areas  at  two  times  background  were  9.25,  0.47,  and  24.8  acres 
for  50-,  75-,  and  100-percent  depths,  respectively.  Suspended  solids  con¬ 
centrations  at  four  times  the  background  concentration  affected  an  area  of 
2.0  acres  at  100-percent  depth.  Background  concentrations  during  the 
dredging  operation  ranged  from  47  mg/L  near  the  surface  to  72  mg/L  near 
the  bottom.  Concentration  extremes  associated  with  this  test  are  summa¬ 
rized  in  Table  17. 


Table  17 

St.  Johns  River  Watertight  Bucket  Field  Test 
(McLellan  et  al.  1989) 

Percent  Depth 

Suspended  Solids  (mg/L) 

Maximum 

Minimum 

25 

170 

50 

50 

170 

70 

75 

185 

105 

100 

300 

140 

The  watertight  bucket  reportedly  spread  resuspended  sediment  over  a 
large  area  in  the  lower  water  column.  This  spread  is  possibly  due  to  the 
displacement  of  the  entrapped  water  within  the  bucket  upon  impact  with 
the  sediment.  This  could  be  prevented  with  the  use  of  a  cover  that  allows 
water  to  pass  through  the  bucket  during  the  descent,  such  as  provided  by 
the  Japanese  design.  The  watertight  bucket  reduced  spillage  during  the  as¬ 
cent  through  the  water  column,  thus  reducing  sediment  resuspension  in 
the  middle  and  upper  layers  of  the  water  column. 

Durability  of  rubber  gaskets  as  used  on  this  watertight  bucket  could  also 
be  a  problem  in  areas  of  stiff  sediments  or  in  debris-laden  areas.  Tongue- 
in-groove  joints  may  be  more  effective  for  a  wide  range  of  conditions. 
Sediment  resuspension  data  associated  with  an  open  bucket  operating  at 
this  site  can  be  found  in  Hayes,  Raymond,  and  McLellan  (1984)  and 
McLellan  et  al.  (1989). 
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Turbidity  Barriers 

Researchers  in  Australia  and  The  Netherlands  used  turbidity  barriers 
(Figure  15)  to  contain  the  sediment  resuspended  from  a  bucket  dredge. 
Turbidity  barriers  are  geotextile  fabrics  suspended  from  a  metal  frame¬ 
work  down  to  a  certain  depth.  The  screen  should  be  permeable  with  suffi¬ 
ciently  fine  mesh  to  restrict  the  movement  of  sediment  particles. 
Considerable  attention  must  be  paid  to  the  screen’s  movement,  because 
careless  handling  of  the  screen  could  completely  negate  any  advantage 
from  its  use  (Pennekamp  and  Quaak  1990,  Hoogerwerf  1990). 

Sediment  resuspension  associated  with  turbidity  barriers  has  been  moni¬ 
tored  at  Hollandsche  IJssel  in  The  Netherlands  and  in  Sydney  Harbor,  Aus¬ 
tralia.  Descriptions  of  these  field  tests  and  the  performance  of  turbidity 
barriers  are  given  below. 

Hollandsche  IJssel.  A  comparison  between  a  Japanese-built  watertight 
bucket  (3-cu  m  capacity)  with  turbidity  barriers,  an  open  bucket  (2.5-cu  m 
capacity)  with  turbidity  barriers,  and  a  Japanese  watertight  bucket  (3-cu  m 
capacity)  without  turbidity  barriers  was  conducted  in  Hollandsche  IJssel 
during  May  1988. 

The  dredged  material  was  primarily  silt  in  water  depths  of  5  m.  Sus¬ 
pended  solid  concentrations  above  background  for  the  three  dredges  are 
provided  in  Table  18.  The  average  background  concentration  at  the  test 
site  was  35  mg/L  (Pennekamp  and  Quaak  1990). 

Sydney  Harbor  tunnel.  In  1987,  a  bucket  dredge  removed  sediment  as 
part  of  the  construction  of  a  four-lane  road  tunnel  under  Sydney  Harbor. 

An  open  bucket  dredge  with  a  turbidity  barrier  was  used  to  dredge  a  por¬ 
tion  of  the  tunnel.  The  turbidity  barrier  measured  25  by  20  m  and  con¬ 
sisted  of  tubular  flotation  chambers  with  weighted  geotextile  fabric 
extending  to  at  least  2  m  below  the  water.  Dredging  took  place  in  water 
depths  of  30  m. 

The  turbidity  barrier  reportedly  reduced  the  surface  turbidity  consider¬ 
ably  and  proved  effective  in  currents  not  exceeding  1  knot.  In  addition, 
the  turbidity  barrier  withstood  all  waves  generated  by  passing  ferries 
(Hoogerwerf  1990). 


1  Table  18 

|  Hollandsche  IJssel  Turbidity  Barrier  Field  Test  (Pennekamp  and  Quaak  1990) 

Dredge  Type 

Average  Suspended  Solids1  (mg/L) 

Watertight  bucket  with  turbidity  barrier 

20 

Conventional  bucket  with  turbidity  barrier 

35 

Watertight  bucket  without  turbidity  barrier 

100 

'  Above  background. 
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5  Conclusions  and 
Recommendations 


Conclusions 

Sediment  contamination  resulting  from  agricultural  and  industrial 
sources  exists  in  many  harbors,  ports,  and  navigable  streams.  While  no 
simple  criteria  exist  regarding  safe  levels  of  sediment  resuspension,  less 
sediment  resuspension  reduces  the  potential  for  contaminant  transport  and 
subsequent  release  to  the  environment.  This  report  summarized  research 
efforts  associated  with  developing  innovative  hydraulic,  pneumatic,  and 
mechanical  technologies  for  dredging  contaminated  sediments. 

Dredges  that  move  sediment  via  hydraulic  means  routinely  operate  in  al¬ 
most  every  waterway  in  the  United  States  and  move  millions  of  cubic 
yards  of  sediment  each  year.  Commonly  used  hydraulic  dredges  include 
the  cutterhead,  modified  dustpan,  disc-bottom,  bucket  wheel,  cutter  suc¬ 
tion,  portable,  and  hopper  dredges.  Table  19  provides  a  summary  of  inno¬ 
vative  hydraulic  dredges. 

Pneumatic  dredges  use  natural  and  induced  pressure  differences  rather 
than  mechanical  action  to  move  sediment.  The  complete  dredging  process 
includes  suction,  discharge,  and  pressure-release  steps.  While  some  de¬ 
bate  exists  over  the  cost  of  pneumatic  dredges,  the  generally  passive  na¬ 
ture  of  these  dredges  makes  them  a  logical  candidate  for  removing  highly 
contaminated  sediment.  Table  20  provides  a  summary  of  innovative  pneu¬ 
matic  dredges. 

Clamshell  or  bucket,  ladder,  and  dipper  dredges  are  generally  classified 
as  mechanical  dredges  because  they  accomplish  sediment  removal  and 
movement  through  entirely  mechanically  means.  Ladder  and  dipper 
dredges  have  characteristically  high  sediment  resuspension  rates  and 
would  be  unsuitable  for  dredging  contaminated  sediments.  The  bucket 
dredge  is  the  most  common  mechanical  dredge  in  the  United  States. 

Table  21  provides  a  summary  of  innovative  bucket  dredges. 
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Table  19 

Summary  of  Innovative  Hydraulic  Dredges 

Dredge  Type 

Major  Features 

Sediment  Resuspension 

Test  Sites 

Clean-Up 

Cutterhead 

Auger  cutter 

Rectangular  cover 

Sonar 

Grates 

Unknown  location  in  Japan 

Matchbox 

Cutterless 

Triangular  cover 

Funnel  intakes 

Angle  control 

Vertical  positioning 

Grates 

First  Petroleum  Harbor 

Calumet  Harbor 

New  Bedford  Harbor 

Refresher 

Cutterhead 

Helical  cutter 

Cover 

Positioning  equipment 

Check  valves 

T-Bay 

M-Bay 

Modified  Dustpan 

Cutterless 

Curved  plate 

Winglets 

Trailing  plate 

James  River 

Disc-Bottom 

Cutterhead 

Cylinder  cutter 

None 

Bucket  Wheel 

Cutterhead 

Wheel  cutter 

Overlapping  buckets 

None 

Cutter-Suction 

Cutterhead 

Suction/cutter  shaft 

None 

Portable 

Delta 

Horizontal  auger 

New  Bedford  Harbor 
(horizontal  auger) 

Front-Open 

Draghead 

Mixing  blades 

Angle  control 

Grates 

Density  detectors 

Water  jets 

Chiba  Port 

Nagoya  Port 

Mikawa  Port 

IHC  Roller  Silt 

Draghead 

Roller 

Adjustable  inlet 

Gray  Harbor 

Pearl  Harbor 
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Table  20 

Summary  of  innovative  Pneumatic  Dredges 

Dredge  Type 

Major  Features 

Sediment  Resuspension 

Test  Sites 

Pneuma 

Three  cylinders 

Distributor 

Air  compressor 

Hole  dredging  attachments 

Trail  dredging  attachments 
Vacuum  system 

Check  valves 

Duwamish  Waterway 

Cape  Fear  River 

Aji  River 

Chofu  Port 

Kokura  Port 

Gibraltar  Lake 

Oozer 

Two  cylinders 

Distributor 

Air  compressor 

Vacuum  system 

Cutters 

Covers 

Sonar 

Osaka  Bay 

Airlift 

Submerged  recovery  pipe 

Air  compressor 

None 

Table  21 

Summary  of  Innovative  Mechanical  Dredges 

Dredge  Type 

Major  Features 

Sediment  Resuspension 

Test  Sites 

Watertight  bucket 

Cover 

Sealed  joints 

Exterior  pulley 

Aji  River 

St.  Johns  River 

Hori  River 

Oyabe  River 

Turbidity  barrier 

Floating  frame 

Geotextile  screens 

Hollandsche  IJssel 

Sydney  Harbor  Tunnel 
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Field  tests  of  sediment  resuspension  characteristics  have  been  con¬ 
ducted  for  most  available  dredge  types  and  many  modifications.  How¬ 
ever,  a  comprehensive  comparison  of  the  performance  of  various  dredge 
types  is  difficult.  Even  if  such  a  comparison  were  possible,  the  results 
would  be  largely  inconsequential  since  site  characteristics  usually  dictate 
the  dredge  type  that  must  be  used.  Therefore,  efforts  should  focus  on  im¬ 
provement  of  the  capabilities  of  each  dredge  type  and  on  possible 
customization  for  certain  conditions.  In  any  case,  the  variability  in  sedi¬ 
ment  characteristics  and  testing  conditions  makes  quantitative  compari¬ 
sons  of  the  resuspension  characteristics  difficult;  qualitative  comparisons 
are  most  appropriate  under  as  near-identical  circumstances  as  possible. 

In  studies  that  have  pitted  various  dredges  operating  under  near¬ 
identical  conditions,  conventional  dredges  have  proven  to  be  surprisingly 
successful  (Hayes,  McLellan,  and  Truitt  1988;  Otis,  Andon,  and  Bellmer 
1990).  However,  this  does  not  negate  the  need  for  pursuing  equipment 
innovations  to  improve  current  dredging  operations.  Also,  evaluating  the 
effectiveness  of  any  cleanup  alternative  must  consider  other  existing 
sources  of  sediment  spread,  such  as  storm  surges  and  boat  traffic. 

Countries  outside  of  the  United  States  have  done  more  to  advance  the 
development  and  testing  of  innovative  dredging  technologies.  The  US 
dredging  industry  could  contribute  more  to  the  development  of  this  equip¬ 
ment  if  added  incentives  are  provided.  The  development  of  such  equip¬ 
ment  must  continue,  as  contaminated  ports  and  harbors  around  the  country 
that  require  environmentally  driven  restrictions  are  dredged.  Additionally, 
the  import  restrictions  of  the  Jones  Act  have  prevented  innovative  designs 
from  being  brought  to  the  United  States. 


Recommendations 


The  innovative  designs  and  operations  discussed  in  this  paper  show 
promise  for  future  dredging  applications.  Unfortunately,  the  details  of 
overseas  data  collection  efforts  and  raw  data  are  not  easily  accessible  to 
evaluate  the  effectiveness  of  these  innovations.  Valuable  information 
could  be  gained  through  the  exchange  of  test  results,  observation  of  the 
equipment  in  operation,  and  equipment  testing. 

Direct  observation  of  these  innovations  is  recommended  to  better  under¬ 
stand  their  benefits.  In  addition,  more  field  tests  in  the  United  States  are 
needed  to  provide  detailed  information  on  the  sediment  resuspension  char¬ 
acteristics  of  these  innovations.  Field  tests  would  also  be  useful  in  deter¬ 
mining  the  suitability  of  various  innovative  dredges  for  removing 
contaminated  sediment.  Furthermore,  proper  operator  training  would  en¬ 
sure  that  the  dredges  are  operated  as  effectively  as  possible  to  minimize 
sediment  resuspension.  Better  incentives  are  needed  to  encourage  US 
dredging  companies  to  develop  dredges  and  operating  procedures  that  will 
minimize  sediment  resuspension. 
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